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One of the most important aspects of flame or plasma atomic spectrometry
is the means and efficiency with which the sample solution is converted into
an aerosol and carried to the analytical flame or plasma. In particular,
droplet size plays a key role in determining the sensitivity, precision, and
relative freedom from interferences that can be obtained with a flame or
plasma. Small droplets will be quickly desolvated and will produce propor-
tionally smaller solute particles which in turn will experience rapid and
efficient vaporization. The mechanisms of desolvation and vaporization have
been examined in some earlier studies (1,2) which describe the complex se-
quence of events occurring in flames whereby sample solutions are transformed
into free atoms. From these considerations, any modification which would
enable a nebulizer to produce smaller droplets would obviously aid in improving
the analytical capabilities of flame or plasma spectrometry.

Several devices have been developed for converting a sample solution to
an aerosol and range from simple right-angle pneumatic nebulizers (3) to more
complex devices such as ultrasonic nebulizers (4) and electrostatic sprayers
(5). Mavrodineanu (6) has described these and other methods of sample intro-
duction which are commonly employed in flame spectrometry. Of the many alter-
native techniques, pneumatic nebulization has become the most widely accepted
means of sample introduction, because of its relatively low cost, high efficiency,
and simplicity of operation. However, pneumatic nebulization produces relatively
large droplets which vary widely in size,

In the present paper, a novel technique is described in which the size
of pneumatically produced droplets is reduced by application of an intense
electric field to the nebulized liquid. This new approach is simple to imple-
ment with nebulizers commonly employed in plasma or flame spectrometry and

should find application in many laberatories. The performance of this new
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electric-field pneumatic nebulizer (EFPN) system is based upon the interaction
of electric field forces and molecular forces within a charged liquid jet as
it is pneumatically disrupted, resulting in an effectiye decrease in the
surface tension of the liquid. This electric-field-induced reduction in sur-
face tension leads to the pneumatic formation of smaller droplets by an estab-
lished mechanism (7,8) which describes the role that surface tension plays in
pneumatic nebulization.

In the present investigation, aerosols were produced by an EFPN system
constructed from a Beckman total-consumption integral aspirator-burner. Be-
cause operation of the new nebulizer was the subject of study, no flame was
employed; instead, the aerosol was measured directly and ambiguity thereby
avoided. Photographic observation of the aerosols produced by the EFPN system
revealsdistinct perturbations in the spatial distribution of the droplets
formed under the field's influence. These perturbations demonstrate that the
droplets produced by this nebulizer are highly charged. In addition, droplet
size distributions produced by the EFPN system were directly measured and
compared, both with and without the electric field applied, and a 63% reduction
in aerosol volume mean diameter was noted. As a necessary background for
these studies let us consider the basic mechanism of pneumatic nebulization
and the influence that an electric field will exert on the droplet formation

process.

MECHANION. OF EAECTIRLCEAEARENRANGER NERKLLZATION

The mechanism of pneumatic nebulization has been investigated and formu-

lated by a number of authors (9-12) and a series of theorctical treatments

- - w



has described axisymmetric instabilities of flowing jets and their disinte-

gration into droplets corresponding to the wavelength of fastest growth. llow-
ever, our discussion can be restricted to those parameters involved in pneu-
matic nebulization which are affected by an electric field.

Nukiyama and Tanasawa (8) correlated the size of droplets produced by
concentric pneumatic nebulizers with the properties of the liquid being nebu-

lized and with the relative velocities of the gases and liquids involved.

Their results can be expressed as follows:

585/ B uY /
D = . hes
e 597( ""s) 1000 o (1)

In Equation 1, D is the diameter of a single droplet having the same volume-
to-surface ratio as the entire population of droplets (termed the volume mean
diameter), S is the surface tension, d the density, f the viscosity and Q
the flow rate of the nebulized liquid, and y is the velocity and Q4 the flow
rate of the nebulizing gas. With most conventional pneumatic nebulizers,
Q1/Qa is insignificantly small; consequently, the first term in Equation 1,
involving the surface tension parameter , plays the dominant role in deter-
mining droplet sizes. Accordingly, any reduction of a solution's surface ten-
sion will produce a marked decrease in the size of the resulting droplets.
This behavior is illustrated by the fact that an increase in the number of
small droplets occurs in an aerosol when an organic solvent instead of an

aqueous solvent is nebulized.

Mature. of Electric Kigid inhancement. Schmid, Hurd and Snavely (13) re-

ported that application of a strong clectric field to a solution will reduce

the solution's surface tension. This effect is well-recognized in the ficld




of polarography, where application of a potential to a dropping mercury

electrode alters the mercury-solution interfacial tension and consequently
changes the mercury flow rate and drop formation time. Correspondingly, the
application of an electric field should also reduce the size of pneumatically
produced droplets. Mechanistically, the electric field forces oppose molecular
forces within the droplet as it is formed,which results in a lowering of the

droplet's surface tension and creates instabilities within the droplet. This

it

complex interaction then leads to the breakup of the larger unstable droplets

into smaller more stable droplets. In the case of aqueous solutions, surface

tension reduction can be visualized as the result of an increase in the oricn-
tation of the water dipoles in the presence of an electric field. Similarly ;
oriented dipoles will repel each other, thereby leading to a decrease in sur-

face tension,

The instabilities created within a charged droplet can be linked to its
acquisition of excess surface free energy when the droplet becomes charged;
in turn, this free energy can be minimized by decreasing the droplet's charge-
to-surface area ratio. A decrease in this ratio is conveniently implemented
by fragmentation of a large droplet into a number of smaller droplets. Hence,
the combination of electric field effects with pneumatic nebulization results
in a system capable of substantially reducing the size of the droplets pro-
duced from a conventional pneumatic nebulizer.

Another technique which is closely related to the EFPN phenomenon just
described deals with the breakup of charged liquid jets and is commonly called
electrostatic spraying. Even though pneumatic forces do not play a role in
electrostatic spraying, the mechanism of the influence of the electric field

on pneumatic spraying is similar to that involved in electrostatic spraying.
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Consequently, the effect that an electric ficld will have on thesce processes

should be similar.

The mechanism of electrostatic spraying has been studied extensively
(14-18) and a great number of experimental and thcorctical papers have appearced
on the many processes involved in the breakup of charged liquid jets (19-25).
Most of these investigations treat the obscrved surface instabilitics as an
opposition of molecular forces (e.g. surface tension) and clectrical forces.

In order to minimize surface cnergy, the molecular torces tend to decrease

the surface-to-volume ratio (i.c., contract the liquid into a single sphere)
whereas the energy associated with the electric ficeld is minimized by increasing
this ratio (i.c., shattering the liquid into tiny droplets). Conscquently,

as the electrical forces become deminant, a decrease occurs in the mean droplet
diameter produced upon breakup of a liquid jet. This behavior has been con-
firmed by Huebner and others (18,20,23) who found that the mean size of the
droplets produced from such jets decreases with increasing applied potential.
Disintegration of liquid jets using potentials of up to 25 KV has been examined,
but the electric fields created were actually weak due to large distances be-
tween electrodes. Distributions tabulated for mean droplet sizes in these
studies range from 100 to 1000 micrometers, and size decrcases on the order

of 25% to 50%, depending on the magnitude of the potential being applied, have
been observed. Comparable reductions in droplet sizes might be expected

for the EFPN system operated under similar electric field strength con-

ditions; in fact, the EFPN system described hercin yields a 63% decrease

in the volume mean droplet diameter when a potential of 5.5 KV is applied.




EXRERANINTOL

A diagram of the EFPN system employed in the present work is shown in
Figure 1. The system is comprised of a charging clectrode and a Beckman

burner attached to a spatial translator and mounted within an insulated cn-

closure. To charge the droplets being formed, terminal B (connected to the :
nebulizer) is grounded, so the bulk analytical solution is not charged;
however, a potential of 5.5 KV is applied to terminal A by a high voltage

power supply (cf. Table I). Consequently, only that portion of the solution

between the electrode and nebulizer is charged, thereby maximizing the clec- 4
tric field's cffect. Care must be taken in the EFPN system design to minimize

the distao cen the nebulizer and terminal A, so the greatest electric

field s 15 generated. This goal was accomplished in the present study

by positioning the nebulizer as close as possible to terminal A (approximately
lem), without causing electrical breakdown.

With this arrangement, an clectric field on the order of 5.5 KV/cm, is
created between the tip of the nebulizer and the charging electrode. We did
not attempt to accurately measure or calculate the field strength since this
study is directed at merely demonstrating the effect of its presence. The
response of this system to an applied electric field will be examined in cach
of the following experiments and details concerning all of the individual com-
ponents employed are summarized in Table I.

The EFPN system shown in Figure 1 was modified for some studies. In this
modification, terminal A was replaced by a plexiglass plate holding a brass
ring which encircles the nebulizer and acts as the charging clectrode. This

modified device performed just as the original, but was judged safer to oper-

ate, because the arca which is held at a high potential is greatly reduced.
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k&%b%h attering Measurements. Light scattering obscrvations were cm-
ployed to evaluate the clectric field's effect on the spatial distribution
of the charged droplets as they are produced. Figure 2 portrays the experi
mental arrangement employed for these observations. A xenon arc lamp (cf.
Table I) is used to illuminate the aerosols and a camera oriented just less
than 180° with respect to the light source records the scattered radiation
as a function of applied electric field. The orientation of the photographic
readout serves to maximize the Mie scattering signal and minimizes the effects
of morphology (i.e. asphericity) of droplets.

To obtain a scattered light photograph, the air delivery pressurc to the
nebulizer is adjusted to a flow rate of approximately 2 lpm; at this flow,
a stable aspirution‘rate and aerosol cloud are produced. The xenon arc is then
oriented so that its light strikes the aecrosol just above the tip of the nebu-
lizer. The comera is positioned to obtain maximum scattering signals but lo-
cated so direct radiation from the lamp does not fall on it; photographs arce

then taken with and without the electric ficld being applied.

Droplet Size Distri g%&ggmwgesuggmgg§§. The most reliable method for
determining the droplet size distribution produced by the EFPN system is the
MgO impression technique (26); however, this technique yields no spatial in-
formation. The procedure involves coating microscope slides with a thin and
uniform layer of fine-grain MgO and then collecting droplet impact impressions
within the layer. Impressions are collected by quickly passing the coated
slide through the aerosols formed both when the electric field is present and
when it is absent. To measure each impression, photomicrographs were taken

of groups of droplet impressions in a desired region of the slide; by compari-

son of these images with a photomicrograph of a calibrated reticle, taken with




the same optical system, the size of cach impression can be determined.  Be-

cause cach slide contains hundreds ot droplet impressions, tabulation of the
sizes measured from several slides provides a reliable and representative

droplet size distribution. Droplets have been collected using this technique
over a large size range and for a wide range of liquids and impact velocitics
(206) and it has been shown that the technique is capable of measuring droplet

diameter. greater than 10 pm with 3-5% accuracy (2).

Charge Measurements. Acquisition of charge is part of the mech-
anism controlling the reduction of a droplet's size, as described carlier.
Also, the polarity and magnitude of a droplet's charge will influence that
droplogs behavior upon interaction with other components in any spectrometer
system. Therefore, an attempt was made to determine the charge that a droplet
acquires from the EFPN device.

The average charge per droplet was deduced from the droplet size distribu-
tion, the nebulization rate, and the current that flows into the nebulized
liquid stream. No measurable charge was induced onto the droplets in the ab-
sence of the electric field. Therefore, the current flowing into the nebu-
lized stream, coupled with the nebulization rate (in ml/sec) defines the charge
that is acquired per unit volume of nebulized solution. 1In turn, the charged
liquid is disrupted into a dispersion of droplets with fixed fractions existing
in specific and statistically fixed size ranges which are defined by the droplet
distribution data. The number of droplets in each size range formed per unit
volume of liquid nebulized can then be calculated and the resulting charge per
droplet determined.

Experimentally, the current was measured by connecting a picoammeter

(cf. Table I) between terminal B and ground potential (terminal B is disconnected
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from ground) and noting in which direction the current flows. Accurate mei-
surement of the nebulization rate is accomplished with the aid of a simple
apparatus which provides a solution rescervoir kept at a constant level and a
gas system which maintains a constant flow rate through the ncebulizer. The
amount of solution that is automatically added to kecep a constant level in
the reservoir during nebulization is accurately measured and corresponds to
the quantity of solution that is nebulized. Recording the time period during
which nebulization occurs results in the nebulization rate,

Ihe apparatus used to maintain a constant solution feed level consists
of a single glass tube (5 mm i.d.) filled with water, one end sea.ed and the
other left open. The tube is held with the open end immersed into a 25 ml
graduated cylinder which acts as the solution reservoir for the nebulizer;
as the solution level decreases, an air bubble is allowed to enter the glass
tube and)corrcspondingly)thc tube dispenses an identical volume of water,
maintaining a constant level in the reservoir. Measuring the volume displaced
in the feed tube enables an accurate (*.02 ml) determination of the volume

nebulized.

RESULTS AND D

AVAVAVAVA VAVA VA VAVAY

The photographs of scattered radiation qualitatively reveal the spatial
distribution of the droplets produced by the EFPN system with and without the
electric field. In turn, this distribution indicates both that the droplets
are charged and that their size is reduced by the field's influence. These
qualitative findings are contirmed through use of a direct and quantitative

method for determining the droplet size distribution produced by the EFPN
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system. These results and their importance to practical flame and plasma

spectrometry are discussed in this section.

Effoct.of Llectric Kigld on RRRtinl DA LEARMELOR O Dgnicts.  Lisht
scattered from the acrosols which were produced by the EEFPN system revealed a
i distinct effect of the electric field. The photograph in Figure 3A depicts
the scattered light profile when no electric field is present; the mainstrcam
of the aerosol appears confined, with only a few droplets deviating from the
axis ot the aerosol. In contrast, Figurc 3B shows the change in ncbulization

which occurs when the field is applied. In Figure 3B, a much more diffuse

aerosol cloud is found, with a large number of the droplets appearing to

possess high velocities perpendicular to the primary axis of acrosol flow.

It was qualitatively observed that the sedimentation rate of these outer drop-

lets is extremely slow, suggesting that the droplets in the periphery of the
aerosol, portrayed in Figure 3B, are very small. These results indicate that

the same reduction in droplet size that has been characterized for charged

liquid jets (23) is probably occurring during electric=ficld pneumatic ncbulization.

The acquisition of a charge by the droplets and the effect of the clectric

field on the charged droplets are vividly shown in the photograph in Figurce 3B.
The off-axis (peripheral) droplets in Figure 3B arc being strongly attracted to
Terminal A and collected there; hence they must be charged to the opposite
polarity of the applied potential. Apparently, the dome-shaped region just
above the tip of the nebulizer marks the interface between the regions of
opposite polarity. These effects are all observed to an identical degree
when either positive or negative potentials arc applied to the EFPN system.

The current flowing in the EFPN system upon application of the clectric

field is on the order of 4.4 x 10°7 A. Morcover, the direction of the current
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flow indicates that droplets are being charged to the polarity opposite from

the applied potential, verifying the foregoing explanation given for the be-
havior of the droplets in Figure 3B. Significantly, the acquisition of such
an excess surface charge can cause a droplet to become unstable, leading to
its fragmentation. In effect, the charged droplet establishes a lower cnergy
condition by decreasing its charge-to-surfacc area ratio through fragmentation
into a number of small droplets. To cite a numerical example, a 40 um diam-
eter droplet might disrupt into sixty-four 10 um diamcter droplets which then
possess the same total volume. The average charge carried by 40 pm and 10 pum /]
droplets by the EFPN system can then be calculated from the measured current
(4.4 x 107 A), nebulization rate and droplet size distribution data, as pre-
viously described. When this calculation is performed, the surface charge

on the 40 um and 10 um droplets is found to be 1.7 x 107!3 coulombs and

7.2 x 10716 coulombs respectively. In turn, these values indicate a charge-
to-surface area ratio for the 10 um droplet which is an order of magnitude
less than that for the 40 um droplet.

Unfortunately, highly charged droplets might also lecad to a serious
problem. Being highly charged, the droplets will possess a high affinity for
any object at ground potential, including such areas as a nebulizer spray
chamber and burner walls. Collection of a large quantity of droplets on
these surfaces could lead to a substantial reduction in the amount of sample
being introduced into the analytical source (i.e., flame or plasma). Of

course, charging of the spray chamber and burner walls to a polarity thc same

as the droplet's could overcome this problem but might be impractical.

Perhaps the best method for overcoming this potential problem would be to

minimize the nebulizer and burner surface arcas to which the droplets are cx-
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posed before they enter the flame or plasma.

Effect. of £lectric Lield on REQRICt SA4e RIRETIRNLIOR. Because the
aerosols produced by the EFPN system are polydisperse (i.c., contain a range
of droplet sizes), characterization of the aerosol requires knowledge ot the
droplet size distribution. In turn, to determine the droplet size distribu-
tion, one must accurately tabulate the frequency of occurrawxc of each droplet
size., Numerous methods have been developed for measuring droplet sizes; the
most general and convenient of these methods is the M@ impression method
(26), which was chosen for usc in the present investigation.

More than 1500 droplet impressions were collected and measured from
photomicrographs such as the one shown in Figure 4. Measured droplet diameters
were placed into size groups which were centered around a nominal sizc and
tabulated at 5 um intervals. All of the droplet diameters which were measured to
be less than 10 um were included in the 10 um size group. The efficiency of col-
lection of droplets smaller than about 10 um is low, because such small droplets
tend to follow the air flow around the MgO-coated slides and are therctfore not ofti-
ciently collected. Also, small droplets do not often leave measurable im-
pressions upon impact, because of their low mass. Consequently, some error
undoubtedly exists in the tabulated 10 um population; the same limitations
prohibit the tabulation of any droplet sizes smaller than 5 um. Overall,
however, the MgO technique has been shown to be quite useful for characterizing

acrosols of this nature (27). These tabulations are displayed as histograms




in Figure 5, where the percent of the total number of droplets observed is
plotted against the diameter, in um, of each droplet size group. A distinct
shift of the entire distribution towards smaller droplets occurs when the
electric field is applied, proving that there is indeed a reduction in the
size of the droplets produced by a pncumatic ncbulizer under the influcnce of
an electric field.

The mean droplet diameter of aerosols produced by nebulization of aqucous
solutions with a Beckman nebulizer-burner has been shown to be approximately
20 pm (27). Consequently, it is worthwhile in the present study to cxaminc
the percent of the total number of droplets which is greater or less than
20 um. Such a comparison, shown in Table I1, demonstrates again the sharp
decrease in droplet size that occurs when an electric field is applied. Sig-
nificantly, the application of an electric field not only increases the number
of small droplets but also provides a corresponding decrease in the number of
large droplets. This finding agrees with the theoretical explanation given
earlier concerning the mechanism of the electric field's effect upon pneumatic

nebulization.

Statisticed Evalvetion, of Velume Mean Rroplet Rigmeter. The representa-

tion of the droplet distribution data (cf. Figure 5) by an empirical function
enables one to quantitatively compare the measured distributions by computing
their mean droplet diameters. Past studies (28) have shown that the log-normal
function is applicable to sprays of this nature. The log-normal function is
statistically based and predicts that the natural logarithm of the droplet
diameters will be distributed in a normal or Gaussian manner. Mugele and
Evans (28) found that an even better agreement with experiment could be

realized by introducing an upper-limit parameter into the log-normal function,




The upper-limit parameter simply represents the maximum stable droplet diaw-
cter; this realistic limit replaces the theorctical concept, implicit in
i the log-normal function, that there is an infinitely small probability that
an infinitely large droplet might be formed. lLixamination of Figurce 5 dewon-
strates that an upper limit to the droplet diameter range can casily be detined.
The log-normal /upper-limit function was gplicd to the distribution data
as described by Mugele and Lvans (28). In this procedure, the logarithm of
the droplet diameter is first plotted against the cumulative volume fraction

on a probability scale; such a plot is shown in Figure 6A for the casce when /

the electric field is absent. The linearity of the plot, except at large
diameters, demonstrates that the droplet distribution can be accurately rep-
resented by the log-normal function. The deviation from linearity at large
droplet diameters apparent in Figure 6A is inherent in the log-normal function
and is corrected when the upper-limit parameter is included. Following the

same procedure for the droplet data obtained when the electric field is

present yiclds the plot shown in Figure 6B; as before, the plot demonstrates {
that the droplet size distribution produced under the influence of the clectric
field can be represented by the log-normal function.

Mugele and Evans (28) have derived an expression for the volume mean
diameter (z) of a droplet distribution which adheres to the log-normal and
upper-limit functions:

2 1762
X = Xpn/(1 + TGN B )L?

[n Equation 2, the maximum stable droplet diameter, Xy, is the paramcter
associated with the upper-limit function and is determined from the piots in

hl

Figures 6A and 0B, as described by Carnes (29). Phe a term in Equation .2




is a dimensionless constant which is also rcadily determined from Figures OA

é and 6B (29). Finally, the size distribution parametery 8 which can be

associated with how rapidly the distribution decreases from its maximum value, |
is obtained from the slopes of the lines in Figurcs 6A and OB (after the
upper-limit function correction is applied). By calculating valucs for these
parameters and solving Iquation 2 , onc can compute and comparce volume mean |
diameters for the droplet distributions obtained both with and without the
electric fiecld being applied. Volume mean diameters are computed

because droplets measured by impact techniques give volume averages.

The results of the foregoing mathematical treatment, summarized in Table

IIT, reveal a pronounced decrease in the volume mean diameter upon application
of the electric field, thereby substantiating the earlier predictions. The
95% confidence limits indicated in Table I1[ reflect the accuracy of this
statistical approach to droplet size measurement; a simple t-test contirmed
that the listed mean values are significantly different.

The importance of the 63% decrease in the volume mean diameter of the
droplets produced by the EFPN system (cf. Table I11) is underscored by com-
paring it to the decrease in droplet size reported by Carnes (27) for the
nebulization of organic solvents. In these past studies (27), only a 154 de
crease in volume mean diameter was recorded when 4-methylpentan-2-one (MIBR ) was
nebulized instead of water. Therefore, one could expect a fourfold-greater
reduction in droplet size when the EFPN system is employed instead of organic
solvents; moreover, the convenience of using aqucous solutions is retained.
Furthermore, even greater reductions in droplet size might arise if stronger

electric fields were applied than those used here.
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A considerable reduction in the size of the droplets produced by a con-

ventional pneumatic nebulizer can be realized merely by application of an

electric field. For practical flame or plasma determinations, a safce and

inexpensive system could be built employing a simple pnecumatic ncbulizer and

a high-voltage, low-current power supply; the resulting device should pro-
duce small droplets capable of being efficiently desolvated and vaporized in
most analytical flames or plasmas. The present, simple design could be readily
adapted to existing analytical sources; furthermore, the clectrodes are
arranged so that the solution being nebulized is always at ground potential,
thereby eliminating the possibility of electrolysis in sample solutions or
danger to operating personnel.

Numerous possibilities for future work exist. First, the EFPN system
must be adapted to a conventional flame or plasma spectrometer and the result-
ing sensitivities, precision and interferences evaluated. Also, the highly
charged droplets produced by the EFPN system should readily lend themselves
to sample modulation procedures; such studies are currently underway in our
laboratory. For example, time-dependent charging or trapping of the charged
droplets could prove viable as a means of sample modulation. 1In addition,
work is being conducted towards adapting the EFPN system to an inductively
coupled plasma (ICP) source. This type of nebulizer possesses several char-
acteristics which make it ideally suited as a means of sample introduction
into an ICP source. Clearly, working with high potentials in an inert atmos-
phere is more desirable than in highly conductive flame gases. Also, produc-
tion of small droplets in a relatively low gas-flow environment (as required

in most 1CP discharges) along with a considerable degree of control of then




production and flow provides for very efficient use of sample material,
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TABLE II.

The nebulized solution in all cases was distilled water.

FRACTION OF DROPLETS WIICH ARE GREATER OR
LESS THAN 20 ;nnd. PRODUCED BY THE EFPN
SYSTEM UNDER NO ELECTRIC FIELD AND APPLILED
FIELD CONDITIONS.

no electric

electric
field applied’

tield appl iodb

< 20 um 28 63
> 20 um 41 19

The mean droplet diameter of aqueous acrosols produced by
flameless Beckman burners has been determined to be 20 im

(27).
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Haximum stable droplet diameter (

Dimensionless constant (a)
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Size distribution parameter (

Volume Mean Diameter (\)

—
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c) Applied voltage 95 IV
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

DIAGRAM OF ELECTRIC-FIELD PNEUMATIC NEBULIZER
SCHEMATIC DIAGRAM OF LIGHT SCATTERING OBSERVATION APPARATUS

(—ab—ﬂ optical path; (----) clectrical path; (——) gas flow

PHOTOGRAPHS OF SPATIAL LIGHT SCATTERING PROFILES OF AEROSOLS P'RO-
DUCED BY EFPN SYSTEM

A - no electric ficld applied

B - clectric ficld applied
PHOTOMICROGRAPII OF DROPLET [MPRESSTONS IN FINE-GRAIN MAGNESTUM OXTDE

HISTOGRAM REPRESENTING DROPLET SIZEE DISTRIBUITONS (Sce text for
discussion).

A - no electric field applied
B - electric field applied

The numbers centered above each bar represent the percent of the
total number of droplets observed within that droplet size group.

APPLICATION OF THE LOG-NORMAL FUNCTION TO THE DROPLET DISTRIBUTION
DATA

(A) no eclectric field applied
(B) electric field applied

Droplet diameters are plotted on a logarithmic scale against cumula-
tive volume fractions (V) on a probability scale. Cumulative volume
fractions are calculated for each droplet size group by first multi-
plying the frequency of occurrence by the volume of the droplet. The
volume of the droplet is calculated assuming spherical geometry. By
summing the volume of each previous droplet size group to the next
group, one computes a cumulative volume for cach group. Ratioing

the cumulative volume computed for each group to the total

cumulative volume results in a cumulative volume fraction for cach
group.
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